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The prodem of chemical cons t i tu t ion  of coa l  has long reinained an intractable one 
but intensive work car r ied  within the  last decade in par t icu lar  has s t ead i ly  revealed impor- 
tant in fo rmt ion  on she s-ruccural pa t te rn  of coal. 
tural p z r a e t e r s  nas emerged a d ,  broadly speu ing ,  whasever has been achieved so f a r  
mainly concerns t h i s  aspect of  coa l  structure. 
meant the  s t a t e  of c o w h a t i o n  of carbon, hydrogen and oxygen and t h e i r  d i s t r ibu t ion  in 
the average s t ruc tu ra l  'unit ' .  Such knowledge has been obtained from various physical 
s c d i e s  e.g. x-rayl-d, mfra-red9-u, nuclear magnetic resonance (n.m.r.)lz-u, proton 
spin resonance (p.s.r.)15, e lec t ron  sp in  resonance (e.s.r.@-U a n i  statistical 
tecnniqussl%23 involvinb dens i ty ,  re f rac t ion ,  sound veloc i ty ,  magnetic suscep t ib i l i t y  
and o ther  propirt ies.  

Since 1952 t h e  concept of t h e  struc- 

dy s t r u c t u r a l  parameters is generally 

ut 

i e c e n t u  a n d r  of chemical t e c h n i . q ~ e s ~ ~ - ~ ~  have oeen developed in these labra- 
t o r i e s  t o  assess the s t ruc tu ra l  parlraniexers i n  coal as revealed by physical masurements. 
In the 'main, these cons t i tu te  oxidation, pyrolysis,  and dehydrogenation and have led  t o  
important infor-mtion on t n e  s t a t e  o i  cornomation of carbon and hydrogen i n  coal as we l l  
a s  on the  s i ze  of t he  aroinacic nucleus. 

41 Carbon is the  predominant elenent i n  coal and the major par t  of it is believed. 

'I'm chemical techniques, nainely, oxidation 25'28 and p y ~ o l y s i ~ ~ ~  have been a p l o y e d  
by tk authcu-s to r  t ne  quant i ta t ive  masureznent of t h e  aromatic carbon. 
t h a t  by these mthods of t r e a t m a t  the non-aromatic s t ruc tu re  is preferer. t ial ly oxidized 
or devolati l lzed leaving the  aromatic skeleton of c o d  unaffected. 
t ha t  t h e  mechanisns of oxidation o r  pyrolysis of  c o a l  are not a s  sijn-de as that. Sence, 
i n  m r e  recent workJ+2,13 fu r the r  support of the  v a l i d i t y  of the oxidation and pyrolysis 
techniques h a s  been obtained by applying t h e  methods on reduced coals. ,This is  because 
in reduced coals t h 3  Zssential  i 'eatures of t h e  o r i g i n a l  s t ruc tu re  are  oelieved t o  be 
retained, but t h e  d i sc r ib i t i on  o f  carbon atxi hydrogen in two forms, aromatic a d .  non- 
aromatic, a re  d t e r e d .  

A ser ies  of v i t r  

t o  be aroinatic in character. 

it is believed 

It may as well ke 

were reduced with l i th ium and ethylenediaaine follo'niing the  
technique of I. Xender tY and h i s  co-workers. Th i s  treatment c rea t e s  f resh  hyi roaromt ic  
s t ruc ture  at the  expense of the aromatics. 
tineoretically calculated from the  amount of hd rogen ,  added during reduction provided that 
the  a r o m t i c i t y  of t h e  o r ig ina l  coalaas determined by chemical techniques are assuned 
to be correct. 
as by pyrolysis stlidies have oeen found to be i n  exce l len t  agreement with the  theo res i ca l  
valu.:s as r e p r o d u ~ e d ~ 4 3  i n  'Tables 1, 2. 

da ta  espec ia l ly  tr?OSe45-46 put forward. by the authors (Taable 3)  a lso  give values of 
a r o m t i c i t y  A i c h  are in g o d  agreement wi-Lh those determined by t h e  chsnica l  sethds  of 
oxidation =a pyrolysis (3ig.lj. .  The va lues  of a romat ic i ty  obtained by chemical tech- 
niques can perhaps be t aka  t o  be more precise than those deduced e'arlier by physical 
technique s . 

The aromaticity of  reduced c o a l s  can be 

The a roaa t i c i ty  of the reduced coa l s  as determined by oxidation as well 

13-14 hecent physico-chemic al ~ i e d u c t i o n s ~ ~ ' ~ ~ ~  50y66'68 'baaed on i n i r a m d 4 '  and n-m-r 
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Now t h a t  a -gecise est-te of ar6maticitx is avajlable from chemical. methods, 

It i s  found t h a t  the values  
it is of interest t o  compare such values w i t h  those ear ' l ier  assessed oy a number of 
physic& techniques. 
of "ordered" carbon obtained by x-ray d i f f r a c t i o n  s tudies3 closely f a l l  i n  line with 
the mst .acceptable  valugs of arornaticiLy, Assessment of non-aromatic s t ructure  and hence 
of t he  aromatic by i n f r L r e d  s tudies  i s  rendered d i f f i cu l t  because of the lack of 
precise data on ext inct ion coefficient.  r a t i o  required for  computation. 
v a u e s  of aromaticity could te obtained by such m t h d s .  
mat ic i ty  obtained by I.G.C. Dryden47 by a s tudy of  the self-consistency between several  
physical  techniques are  about 5 -Lo Lo p e r  c e n t  higher than those d i r e c t l y  obtained by 
chemical studies and c w t  be reconciled with the  values of alicycUciGy obtained by 
the  aut,he ~ 3 7 . .  The values of armnaticity deduced by any o f  the a t a t i s t i c a l  Lechiques 
inada by van Krevelen and ~ o - w o r k e r s l 9 - ~ 3  are also 10-15 per cent .higher than those 
obLained later by chemical techniques (Fig.1). Their values of aromaticity can also 
not be reconciled vdth 'the most i r e fe r r ed  values of a l ic j rc l ic i ty  (determined in these 
l abora to r i e s ) ,  because the sum of the two exceeds the t o t a l  carbon i n  c o a l  ( table  4). 
If the munt of methyl carbon i s  taken in to  consideration the discrepancy would increase 
a t i l l  further.  

Such comparison is  depicted i n  H i . 5 . 2 .  

'Thus no firm 
The p-efemed values of aro- 

It w i l l  be of, in te res t  to note t h a t  tha differences between values of aro- 
matici ty  obtained by d i f f e ren t  tecihniques are grezter  i n  the case of coals  of lower 
rank, but tney tend to narrow down f o r  higher rank coals. 
bjr the  inherent d i f f i c u l z i e s  -in the accurate ineasurement of t he  physical parameters 
owing t o  the possible interference by the  presence of more oxygenated groups in coals 
of lower rank. 

This  may perhaps. be explained 

Information about t h e  disposi t ion and character of the non-aromatic carbon 
in coal has recently been ootained oy Ghe authors  by a s e r i e s  of dehydrogenation studies 
It has been show chat Ghe non-aromatic s t ruc tu re  of coa l  is predominantly a l icycl ic .  

32-40 , 
i 

The f i r s t  estimates of a l i c y c l i c i t  $233 were obtained by employing Vesterbrg 'e  .' 
t echnhue  of dehydrogenation. The r e s u l t s  so obtained were confirmed by a n o t h s  method 
gf deh$irogeenation with iodine. 
of the carbon i s  in a l i c y c l i c  combination i n  whs bituminous rage (carbon : 8 C S O  oer 
cenT,). 
c a l l y  non-exiscent in t h e  anthraci te  stage. . 

t ion  and obtained much higher resu l t s .  It has r e c e n t l y  men shmn by the authorsF%: 
the higher e s t a t e s  of Peover inay have been aue GO so= systematic s r o r  in  the polaro- 
graphic determination of hjdroquinons produced as a r e s u l t  or' the dehjdrognat ion of 
coal. In f a c t ,  an invest igat ion of t h e  'knzoquixone imthod i n  ~ e s e  laboracories has 
shown t h a t  ~ h e  criree me-hods of dehydrogenaGion viz .  by sul,&ur, iodine ard benzoquinone 
are comparable in so far as '&e extent of dehydrogenation possib+ i n  d i f f e ren t  rdnb 
of  c o d  (Iable  5 ) .  

Phase estimates iariicated chat broadly-10-25 per cent 

The a l ic . ;p l ic i sy  p rogess ive ly  diminisnes with increase i n  rank  and is practi-  

Subsequently, iVi.i.Peover@ introduced Zhhe benzoquhone nesncd of dehjd 

F u r t h e r ,  the app l i cab i l i t y  o f  Vesterberg's technique in the dehdmgeaaiion 
of c o a l  structum has been cor rowra tea  by determinaGion of hydroaramaticity in reduced 
coals.\ It has been fourxi49 that the f r e sh ly  created hydroaromatic s t ructure  in the 
reduced coals undergoes dehydrogenacion with sulphur guantitatively,agarently without 
any side reactions. These results y e  reproduced in i a b l e  6 .  

'rhus, the values of a l icyc l ic i t j r  o r ig ina l ly  presented 32-33 from these . .  
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l s m r a u r i e s  i n  1S5a should be t r ea t ed  as l a rge ly  cor rec t  (Fig.  j) . 
mount  of i~yjrogen which could be added t o  coa l  a t  any stage of reduction a u l d  Je 
quant i ta t ive ly  r-ved49 during dehyomgenation with sulphur @ as l e  6 ) .  This indicates 
t h a t  coa l  s t r u c u r e  i s  perhaps unique i s  its chemical r e a c t i v i t y  and *&at she estimates 
of a l icyc l ic izy  obtained by treatment w i T h  sulphur are ?oss io ly  che inaxiam values. 

An iilirediate consequence of  dehydrogenation s u d i e s  has been the recognition 

I n  f a c t ,  the 

of t he  f a c t  tnar, t h e  sun of aromatic and a l i c y c i i c  carjon a?pears t o  be v i r i u d l l y  
conscanc a t  the l e v e l  of 92 per cenc or' t h e  t o t a l  c a r m n  in coa l ,  irres-3ective of i t s  
I_ rx,k,  f r o 3  = s i t e  LO the hichest  rank b i tu inous  coal. 
emerged f r o a  Ghe pyroiysis s td i e s  on dehydmgerated coa ls  a d  a d s  ?re-Lzeated W i t h  
d i f f e ren t -  chmic2.l reagects 7. 'The a roaa t i c i ty  progressively increases a t  the expense 
of the a l i cyc l i c  s t ruc ture ,  with increass & r a n x  and tr2is appears t o  be the -zincip-al 
nechanisdo inmlved  in .geo-cnemical metamrphisn of coal i n  the .aituminous range. 
impliczcions of t h i s  concep  has been discussed elser~ilere40 and has possibly led 50 a 
be t t e r  undarstanding of t h e  pa t te rn  of coa l  swucture  and i t s  variation durQg The 
ger.esis of coal. 
by the present authors4546 (Table 3) &so s i n t  to t h i s  wns tan t  fea ture  o f  cod. 
s t ruc ture  . 
(b) AliDnatic Combinasion 

T : i e  sane conclusion repeaLedljr 

i he  

'ihe physico-chenicd deductions l a t e r  imde by ii.7. Gaines70 as w e l i  as 

A s  t h e  a roaa t ic  and a l i c j c l i c  ca -bn  consti t i ; te a b a t  92 ,mr cent of  t he  t o t a l  , 
carbon in coal, the  a l iphz t ic  car'mn would mount to &out 8 per  cent. ~ s ~ e m p i s  :=de 
by several  workersji53 t~ estjlnate the mthy1 groups in coal by employing Xuiin-i?oth 
reaction have indicated t h a t  hardly >4 per cent o f  the carbon is possibly present i n  
t h i s  form. 'This leaves anotner  4 per cent of t he  carbon unaccounted. F r o 3  ce r t a in  
s t r a c t u r a l  considerations the F e s e n t  authors suggested S a r l i e r  ~ n a t  %his anaccounted 
carbon could also be present27,ko in the form o f  meLnyl groups. 
iCuhniioth mthod cannot .te applied f o r  the quant i ta t ive  ustarmination of C m t h y l  groups 
l inked to aromatic s t ruc ture  and knee estimates oz' .2-methyl groups by such proceiiure 
can only be mirrimum values. 

It is  welJ-kzown that . ' 

*om recent p.s.r. measurements made by i)th & Tschamlerl' it appaars  st 
3G-35 per cent of hprogen  may be present as consticusnts of .&m-thi-l groups i n  coal. 

T h i s  i s  consissenL with the authors' view t n a t  about 0 per cent oil carbon i n  coa l  i s  
present aa methyl groups. 
autnors d s o  l ead  to a similar conclusion CTaaDle 33. 

Pecent physico-chemicd dzductions45 made by the present 

Xevertheless, direct eqe r imen ta l  proof f o r  the above supposition i s  y& t o  
c i m .  
in coal  strucuure cannot be disregsrded in view o f  strong indications for t k  s c m  fron 
dshyir ogenat ion studie s33. 

Q van ii-evden tt al 

In  t n i s  context the question of r,he probable presenca OZ anfii~ar mztilyl g o u p  

----'-"--"-'j7---------------------I-------------------------------- 
had questioned 5he vdlidiLy of Vesterberg's teen+ ue, i n  the  

selective denydrogenation of tk a3icyciic ssrucwre.  
since then M i c a t e d  chat side-reactions, ii' any, appeared to be n i n o r  am, accor- 
dingly, a revised estimate of m i n i m a  a l i c s l i c i t y  w a s  presented. hxever  in more 
recent studies49 by b e  authors 3n reduced coa ls ,  it a29eax-s tha t ,  i n  so f a r  as coa~. 
deh:,drogenation i s  concerned, t he  'Isster'cerg's technicpe i s  possibly soecific in 
E.he denydmgenation of t he  alic;;ciic s t ruccwe.  
developments i s  being presented elsewhereh9. 

Furche r  studies2 3 939 made 

li fi l l ier  account of t he  recent 

-----_--------------------________I__I-----------____----------- 

V 
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HW-miY 

From & m i c a  s t u d i e s  i c t e q t s  Lave also been nade t o  d;.tern;ine t h e  difzere& 
of hydrogen in coal, a r o a a t i c ,  a l i c y c l i c  and dlighatic.  Oxiaakion and p p o Q s b  

techniques nave enabled masurermnts of hjdrogen broadly i n  two f o r m  - aroinatic ana 
non-axomtic. Such measureEnts are not in good agreement xi& those sssassed by inirac 
red s tuaies .  'The. discrepancy between these two sets of e s t i s u t e s . i s  possibly duz t o  
inherent d i f i ' i c - t i e s  ir, the  zLeBsurerMnts of o s s i c e l  densi ty  and i c s  in te rpre ta t ion  
wfiich requires precise values for the e x t i m s i o n  coef f ic ien t  ra t io .  
matic and rion-zosatic hdrogen nade oy she authors by oxidation a d  p:n-olysis are 
m t u a l l y  consistent (Sig.4). 
same techniques of oxidation a& pyroly,sis can a l so  be successi^uily a p l o p d  t o  deter& 
t h e  a t e r e d  d is t r ibu t ion  of h%-ogen in reduced coals.  It m y ,  -thsr81^3re, be cnnciudad 
that the var ia t ion  of hTiirogen i n  arosa t ic  and non-aromatic form with increase in rank  
as detieraimd by chemical. mthods by t h e  authors c m  be c o n s i a e r d  t h e , _ p s t  acceptable 
a t  the monsut. 
l a t e r  out oniy by the  pyro l j s i s  Lechnique : h i s  r e s u l t s  a r a  ir? agraensnt with t h e  
authors '  v2Lues ar,d &re a lso  shown in Tig.4. Probaoly re-assessmnt or' the s t i a c t i o n  
coer 'f iciant r a t i o  i n  case of hfrz-red r e s u l t s  mag reconcile tne discrepancy ix-meen !he 
two s e t s  of e s t i m t e s ,  made by phys ica l  wd by cheaiczl  methods. Z.i.tj,wn e t  alL0& 
havs c l a i m 4  \;o have given su?-mrt t o  t n e i r  p r e f e r r d  values of exzinction coeff ic ient  
r a t i o  on the bas i s  or' recenL s t u c i e s  on c o a l  disti&tes, out such vacuum d i s t i i l a t e  of 
coal  nay not represent the C O ~  structu:s. autnars 
(and which nas k e n  recent ly  confirmd26) t h a t  such d i s t i l h t e s  Fiaariiy 0rigiaat.e f ran  
the d i c y c l i c  s t ructure  in  c d  (f'ig.5). 

The estimates of am- 

Further ,  it has been rzcent ly  shown elue*&erejL that the 

Such detersinac.ions were d s o  r e F r t e d  by V a n  i(r':velen;y a few m n k s  

It has been e a r l i e r  shown3J+ by 

Coal is beiieved t o  ham a polymeric or  perhaps Wly-condensate assemblag 
of s w u c t u r a l  units of varying aiirensions. 
c lus te rs  i n  such s t r u c a r a l  ' u i t s '  is a s  inpor tam as t h e  study of the s t a t e  of coizbi- 
nation of c z r a o n  and hy3rogen. dy Oxidation scudies &e autnors had also at tezqted an 
d s s e s s a n t  of the  a a r a g  s i z e  of aromatic-nilcleii .  .<-cording -GO Lhe mciianisfi o f  
oxidation suggssted by  the authors ,  the  l i na l  osidised residua of coa l  is je l ieved i o  
retain the  aromatic s b l e t o n  of coal. ;ience che atomic ri/C r a t i o  of tha nypothatical  
unsubsti tutad aromatic s k e k i o n  corresoonding t o  the oxidised coa l  would give a measme 
oi the average size  of the a r a n a t i c  nuclei i .  it has been foo;lod27 that Lhe a v e r a s  size 
of aronat ic  r u c i e i i  does not vary m c h  in tne b i t w i n o u s  rangt (carbsn : 3.2-51%) and 
i s  - x s s i b l y  const i tuted OF 4 t o  5 pol.pcondensed_'bsnzene r ings per =an s t r u c t u r a l  unit 
@able 7 ) .  L a r l i e r  s tudies  on x-rw di f f rac t ion3  acd on diunagpetic suszeptSuili tyU' -_ 
of coa ls  lsi to si;lilar assesszents.  Zeceni n s a s m m n t  of e lec t ron  a a i v a t i o n  e n s g y > g  
also support the z.ave estimates.  
c h e n i c d  zizasureinsnts (?abie 7) it may, therefore ,  're concluded '.at-possibl;r a f a i r  
e s t i s a t e  of the size o f  t h e  a r o n a i i c  u n i t s  is now a v a i l a u k .  

che zeasurement 02 the s i z e  of aromstic 

in view of the  consistency oez.ieen che physical  and 

3 .s .3iggs 
(1936-373 

59 

.~ ~. t h a t  the ' u n i t s '  02 c o a  s t r u c a r e  ~ U S G  're snaU in size. The i s o h c i o n  of 
d o d e c a  and tet r a d e c a  hydr o phenanchene ana hexadeca ana o c m i e c  a h y a r a c i r  y sene c a r e  s- 
pending ia 3-4 ring syssems sv-ould now aprear a be s i g n i f l c a t  in the  l igh t .of  E a s x e -  
ments of aroaatic 

Xild hydrogenoljrsis o f  coal  ex t rac t ,  res idue or c o d  i t s e l f  by d.Y.8iggs , 
and J.?..ieiler60 as well as by ;.Le Glaire5l had also ba t o  the  r e c o g i t i o n  

ring s i z e  by physical  and cheuicd. imcnods. 

~ ~ ~ ~ ~ Q I ~ i I j  

The techniques of  s e l s c t i v e  oxidation and pjjol..pis i n  conjunction +ai+& 
dehjxirogenation s t u a i e s  have possibly yielded she mst  acceptaole infornaLion on t h e  
state of coabina;vion of c a r w n  and hjrdrogen as :11_pU. as on the s i z e  0 2  t h e  arosaLic 
nucleus. 'The howledge Ghat has  been acquired is  s u m w i s e d  in  abl le 3. 

Perhaps the t im has now COM f o r  reor ientat ion of the studi8s on t h e  consti- 
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t u t ion  of coal. 
before t h e  mcro-molecular s t r u c t u r a l  pa t te rn  of coa l  can be prec ise ly  depicted. 
pmoleus tha t  remain M be solved a r ~  : 

There are s t i l l  RWW gaps in our knowledge which have to be bridged 
Such 

( i )  .dhether c o a l  is a polymer Fn t h e  t y p i c a l  sense; 

i i i )  If so ,  k a t  i s  t h e  nature of t he  p o l p e r ,  especially t h e  -sure of 

( i i i )  'The spec i f ic  sizes of t he  individual structural 'un i t s '  of coal, i n  
pa r t i cu la r ,  t h e  d i s t r ibu t ion  of molecular weights among such 'units' 
which may not ,be a l l  i aen t&caL 

linkage betw*n the 'units' o f  coal struccure; 

. In fo rmt ion  on the polymeric character oE. c o a l  has been forthcoming from 52 
studies on solvent ex t rac t ion  and those on hydrogenolysis. 
from a siudy of t he  l i q u i d  p o d u c t s  obtained from h@rogenolysis, were led t o  conclude 
t h a t  c o a l  s t ruc ture  has possibly r epe t i t i ve  units just  a s  i n  a t y p i c a l  p0l;rrCler. 
Conf i r s t ion  of tiiis polymeric corxept has a l s o  possibly emsrged i h m  the r e c a t  scudies 
of  t h e  authors63 on she reac t ion  of permanganate on coal. It nag been snmn tha'i atay 
s tags  of d e s a d a t i o n  the  res idua l  coa l  l e f t  over a f t e r  reac t ing  coal w i i h  e i t he r  acidic 
or alkaline permanganate r e t a i n s  v i r t u a l l y ' t h e  same phys ica l  and chemical properties as 
tha t  of  t h e  o r ig ina l  coal ('Iaole 9). 
polymerisacion of t h e  c o d  s t ruz tu re ,  followed by decomposition of the fragments in*a 
water soluble products like caroon dioxide, oxalic acid and 'benzene polycarboxylic 
acids. 

R.A.Glenn and co-workers, 

, 

This  could perhaps be explained as a case of de- 

The next s tage  is obviously t o  havz adequate information about the  ac tua l  
r epe t i t i ve  'un i t s ' .  This can only be possible by i so l a t ion  of t h e  ' un i t s '  of coa l  by 
depolyaerisation and determination of m l e c u l a r  wei&ts of che ' un i t s '  thus isolated.  

Another equally important hiowledge t o  be sought i s  about. t he  naturo of 
L i t t l e  o r  no information is available on t h i s  aspect a t  linkace betwean the  ' un i t s ' .  

the mment. 
of the  i i spers ib i i l i ty  of c o a l  in alkali (espec ia l ly  in lower ranks of coal)  m y  revea l  
usefu l  information. 

Studies on t h e  mechanism of solvo1;rsis of coa l  i n  organic solvents and 

In 1957 the  authors6' had indicateci t h a t  t he  d isso lu t ion  of l i g n i t e  i n  
alkal i ,  even a t  room temperature is not ne re ly  a physical process bat i s  pro3aol.y 
preceded by hydrolytic s p l i t t i n g  of boms oet-heen t n e  'units'. It w a s  suggested tha t  
in Lignite (and.in cos) the par t  t h a t  gives r i s e  t o  h m i c  acid and t h e  residual 
pa r t  a re  possibly linked oy flavone o r  similar type of link@ (e.g. pyrone, lactone, 
ecc.) which are susceptible t o  claavage i n  presence 0: alicali. i-icwever, it i s  prema- 
t u r e  t o  conclude anything d e f i n i t e l y  6ut  it i s  believed that fur iher  work on t h s e  
l i n e s  and others may k a v i  @.eater l i g h t  on t h i s  h q o r t a n t  aspect of coa l  structure.  
X f4U-r  knowleags of  Qe naGur;? of t h e  'Unaccounted' oxygen i n  c o a l  vis-a-vis the 
d i s p e r s i o i l i t y  of coa ls  in a l k a l i ,  ana o f  the mechanism of regemrat ion  of huaic acids 
from a c m e  coals,  may also be of help. 

%sides the above basic considerations, we have yet to h o w  more prec ise ly  
a.mut the character of nitrogen and sulphur. They are minor elements i n  C O ~  but are 
believed t o  be i n t e g r a l  pa r t s  of t h e  coa l  struccure. .  Information on t h e  state Of 
nitrogen has been scanty, though, of late, it has been suggested65 t h a t  it may be 
l a r g e l y  prezent as functional grou;?~. 
exact. 
as those of carbon and hydrogen. 

About sulphur, our lcnodedga is even less 
Phe s t a t e s  of combin&ion of these ;ninor elements i n  c o d  are  jus t  as  dFJrtat 

The authors are gra t e fu l  ic~ 3k. 5.?.iajuidar, Zhief Infon:.ation CffiCer, 
Cent ra l  Fuel hesearch I n s t i t u t e ,  f o r  many valuanle suggestions halp in ef fec t ive  
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presentation of t h e  present r e v i w .  
l iwrawre survzy anu m campilauion of t h e  m u s c r i p t .  

Thanks are due GO Le. k.:.bttacharyja for help in 
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Fig.2 - Mean aromaticity of c o u  and i t s  variation 
w i t h  rank as determined by chelnicdl mthods 
and i t s  cosparison with values f r o n  s c m  of 
the physical and physio-chemical approaches. 
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Pk.3 - Variation of t h e  a l i c y c l i c i t y  o f  c o a l s  wi-A rank 
- values 0btainad.i.n 1952 'by dehgdrogenation 
with sulphur32,33; 
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